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(54) Method of controlling a variable cooling capacity compressor and refrigerator or freezer 
controlled by such method 



(57) A method for controlling the cooling capacity of 
a variable cooling capacity (VCC) compressor of a re- 
frigerator or freezer (R) comprises an electronic control- 
ler (C) which receives a temperature feedback signal 



from the refrigerator/ freezer cell. The output signal of 
the electronic controller is based on a predetemnined on/ 
off band which is different from the on/off temperature 
band and which is preferably a on/off speed band. 
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Description 

[0001] The present invention relates to a method of 
controlling the power output of variable cooling capacity 
compressor of a refrigerator/freezer with an electronic 5 
controller that receives a temperature feedback signal 
from the refrigerator/freezer. With the tenm "variable 
cooling capacity" we mean all kinds of compressors 
which can vary either the motor speed (variable speed 
compressors) or the displacement of the compressor 
(linear compressors). In the first case the power output 
of the compressor is proportional to the motor speed, 
which is the feature actually controlled. In the second 
case the power output is proportional to the stroke of the 
piston of the compressor, which is the feature actually 
controlled. 

[0002] The present inventions refers also to a new 
method of controlling the temperature of a refrigerator/ 
freezer cell in which the traditional method based on 
temperature hysteresis (enror proportional part) is re- 
placed by a new and more efficient one. 
[0003] The temperature control of a freezer or a re- 
frigerator is usually obtained, in case of a fixed or vari- 
able cooling capacity (VCC) compressor, by cycling the 
ON/OFF compressor state, by means of a so-called 
"hysteresis" or relay control. An example of the men- 
tioned control is expressed by the following control proc- 
ess: if the temperature to be controlled is less than x°C, 
then the compressor is switched OFF (because the tem- 
perature inside the ceil of the refrigerator or freezer is 
too low); if temperature is greater than y^'C, then the 
compressor is switched ON (because the temperature 
inside the cell is too high). The x and y values are two 
predetermined temperatures linked to the set tempera- 
ture and the difference (y-x) defines the temperature 
hysteresis range. 

[0004] The effect of the hysteresis or relay control is 
that the cabinet temperature (refrigerator or freezer) is 
forced to oscillate from a minimum to a maximum tem- 
perature value and so the food Is never at constant tem- 
perature. 

[0005] If x value is very close to y value (low hysteresis 

value), frequent ON/OFF cycles will be obtained. The 
consequence is a noise production and an increase of 
energy consumption. 

[0006] The oscillation amplitude of the cell tempera- 
ture is not controlled because It depends on the load 
amount and type (thennal inertia) and from the external 
temperature too. For instance afterthe compressor has 
been set to ON (OFF), the temperature continues to de- 
crease (increase) by inertia. The main consequence of 
this is a limited control of the food preservation because 
of the dependency of the load thermal inertia. 
[0007] The ON/OFF temperature control technique, 
commonly implemented in appliances where a usual 
ON/OFF compressor is installed, is also used in cases 
in which the compressor has a variable cooling capacity 
such as variable speed compressors, or linear compres- 



sors. There are several reasons for adopting this ON/ 
OFF temperature hysteresis control and the main rea- 
sons are: 

1) it is convenient, from the energy point of view, to 
switch OFF the compressor instead of running it 
with the minimum cooling capacity (minimum 
speed), 

2) by running the compressor at the minimum cool- 
ing capacity the temperature to be controlled may 
be cooler than the required so that the compressor 
OFF state is preferred. 

It is well known that a continuous control is periomi- 
ing betterthan ON/OFF control: the peaks of current 
during the motor-compressor starting phase are 
eliminated and, In the refrigeration field, the energy 
spent to compensate the pressure losses is re- 
duced as well. 

[0008] One of the purposes of the invention is thus to 
develop a control method and a control arrangement for 
a VCC compressor having a lower energy consumption 
than the controls known from the state of the art. 
[0009] According to the Invention, this Is done by set- 
ting the compressor with the output signal of the elec- 
tronic controller that is based on a predetemnined on/off 
band different from the usual on/off temperature band. 
If a variable speed compressor is used, the output signal 
of the electronic controller is based on a predetemnined 
on/off speed band. If a linear compressor Is used, the 
output signal of the electronic controller is based on a 
predetemnined on/off displacement band. 
[0010] The applicant has discovered that by using a 
reference variable in the temperature control loop which 
takes into account also other parts of the temperature 
error, as the integrative and/or derivative ent>r parts, a 
surprising reduction in energy consumption can be ob- 
tained, i.e. up to 5% if compared to a traditional temper- 
ature hysteresis control. The effect is that the OFF con- 
dition is no longer dependent from a fixed temperature 
value but it depends also by the past (integrative) and 
future (derivative) parts of the error. A part from the ad- 
vantage of a high energy saving, with the method ac- 
cording to the invention it is possible to have additional 
benefits in temn of a more stable temperature and noise 
reduction due to the decrease or elimination of ON/OFF 
cycles. 

[0011]' In the following the invention Is described on 
the basis of the following figures: 

figure 1 shows a known time/temperature diagram 
used for a typical control strategy for variable cool- 
ing capacity compressors; 
figure 2 is a schematic view of the control loop ac- 
cording to one embodiment of the invention in which 
the VCC (Variable Cooling Capacity) compressor is 
represented by a variable speed compressor (com- 
pressor that changes the cooling capacity accord- 
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I'ng to an input reference speed) and a so called hy- 
brid controller is composed by a regulator system 
(i.e. PI D control whose purpose is to set the suitable 
compressor speed) and by a cooling capacity 
adapter block; 

figures 3a and 3b are schematic block diagrams 
showing the control method according to the inven- 
tion; 

figure 4 shows a time/speed diagram according to 
the control technique of figure 2 based on the speed 
control variable; 

figure 5 is a diagram showing the control behavior 
of the known control method for a freezer according 
to the control strategy of figure 1 , in which different 
target temperatures are set; and 
- figure 6 Is a diagram similar to figure 4 showing the 
control behavior of the control method according to 
the invention. 

[0012] In the prior art control method shown in figure 
1 the temperature low band establishes the temper- 
ature value for switching OFF the compressor. Tqn de- 
termines the ON condition while the Tyg can be used to 
force the maximum cooling capacity in case of very hot 
cell or cabinet temperature condition. 
[0013] Between Tlb and Tyg a regulator system (i.e. 
PID or a "Fuzzy Logic" control in which the temperature 
error and/or derivative of the error are used as input sig- 
nals) can compute the proper cooling request in a pre- 
detemnined temperature control band. 
[0014] In fig. 5 the temperature control behavior is 
shown when a method according to figure 1 is adopted 
and when different target temperatures are set. The 
temperature hysteresis value of this example is 0,5 "C. 
In the diagram the compressor speed S (rpm) Is plotted 
(upper part) together with the set temperature T or the 
actual cell temperature A (lower part of the diagram). 
From the diagram, every time the actual temperature is 
below the target temperature by O.S^'G, the compressor 
is switched OFF and the Compressor Speed Is set to 0 
(zero) rpm. 

[001 5] In figure 2 a temperature control loop Is shown 

In which the ON/OFF compressor condition is not deter- 
mined by the temperature hysteresis control but, ac- 
cording to the present invention, it is detennined by a 
hybrid control based on a cooling capacity request hys- 
teresis control. 

[001 6] To control the cabinet temperature, a regulator 

system C, PID like, is used. In figure 2 a variable cooling 
capacity compressor, represented by a variable speed 
compressor VSC, is shown together with a refrigerator 
R and a temperature probe P inside the cell of the re- 
frigerator. 

[0017] The regulator system C sets the proper cooling 
capacity to the compressor up to reduce the error tem- 
perature close to 0 ""C. i.e. actual temperature = target 
temperature. 

[0018] The compressor speed "u" is in the example 



the output variable of the regulator system block C. The 
block K, defined cooling capacity adapter, receives the 
compressor speed computed by the regulator system 
as input and, within it, the speed hysteresis control Is 

5 implemented. The output of K block is the compressor 
state (ON or OFF state) and, in case of ON state, a com- 
pressor speed "u*" within a certain range value. Usually 
the compressor speed range is limited: i.e. 4000rpm 
(maximum) and 2000rpm (minimum). The low and high 

10 limits depend from motor construction (mechanical and 
electrical specifications). 

[0019] In Fig. 4 the control technique according to the 
control loop of figure 2 is shown. The ON/OFF speed 
band substitutes the ON/OFF temperature band. The 

^5 OFF speed value Sp|Q_oFF .according to the tempera- 
ture control loop. Is preferably lower than the minimum 
compressor speed=2000rpm. The OFF condition is ob- 
tained by comparing the regulator's output parameter, 
u=Sp|Q, with a predetemilned value: If the Sp{o <= 

20 Speed_OFF then the adapter K switches OFF the com- 
pressor. In the example of figure 4 a hysteresis of 400 
rpm is used. The compressor is again switched ON only 
when the Sp,D becomes higher than a detennined value 
Speed^ON, i.e. 2000 rpm. The above control technique 

25 is also shown in the block diagram of figures 3a and 3b. 
[0020] Refemng to figure 3a, the first step Is to read 
both the temperature of the sensor P In the cell and the 
target temperature fixed by the user. At step 2, an as- 
sessment of the en^or is made at present time tQ and at 

30 previous times t^ and At step 3 the incremental cool- 
ing capacity, which is due to the proportional part of the 
error, is calculated. At step 4, the incremental cooling 
capacity, which Is due to the derivative part of the en^or, 
is calculated. At step 5, the incremental cooling capacity, 

35 which is due to the integral part of the en^or, is calculated. 
At step 6 the sum of the above three components is cal- 
culated. At step 7 the new request of cooling capacity is 
calculated by the controller. At step 8 the previous state 
of the compressor Is stored: OFF_state = compressor 

40 switched off, ON_state = compressor switched on. At 
step 9, if the new request of cooling capacity is consid- 
ered too low (I.e. lower than a predetennlned value 
Speed_OFF), then the compressor is given a state off 
(OFF_state). At step 10, If the new request of cooling 

45 capacity Is higher than the re-switching threshold 
speed_on, then the compressor is given a state on 
(ON_state). At step 11 , if the compressor passes from 
OFF_state to ON_state, a new request of cooling ca- 
pacity Is given: Reset_Cooling_Capacity. This is a pre- 

50 detennined value on which the control system restarts 
the control loop when the compressor Is switched on. A 
preferred strategy for further reducing energy consump- 
tion is to select the reset value as the value correspond- 
ing to minimum cooling capacity (minimum speed). 

55 [0021 ] Refemng to figure 3b, step 1 2 corresponds to 
the limitation of the control action to the maximum al- 
lowed (maximum speed). Step 13 con-esponds to the 
limitation of the control action to the minimum that is al- 
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towed without switching off the compressor. At step 14 
the cooling capacity difference between the new request 
fixed by the controller and the present request actually 
carried out by the compressor Is assessed. At step 15 
the variable ActuaLCooling_Capacity is given the re- 
quest change. Step 1 6 con^esponds to a lower limitation 
for the cooling capacity; this is due to certain technical 
limitations of variable speed compressors that, at very 
low speed, do not guarantee a proper lubrication. Step 
1 7 corresponds to an upper limitation of cooling capacity 
and step 1 8 is a final check of the state of the compres- 
sor in order to decide if it is switched on or switched off. 
Of course at the end of the above control flow a new 
control cycle starts with the same flow pattern. 
[00221 Theu=S 

PID ^ value which is used for con- 
trolling purposes and it may not corespond to the actual 
cooling capacity inputted to the compressor u*. 
[0023] When the compressor passes from the OFF to 
the ON state, the u control parameter of the regulator 
system is set to a convenient predetennined value: 
Reset_Cooling _Capacity. For energy saving purposes 
and for temperature control stability reasons the 
Reset_Cooling .Capacity value is set to the minimum 
cooling capacity of the compressor. 
[0024] Figure 6 shows the advantages of the method 
according to the invention. One of such advantages is 
that temperature oscillation is strongly reduced because 
the number of cycles is reduced or even said cycles are 
eliminated. This is possible since the compressor 
speed, detemnined by the regulator system C (i.e. PID), 
takes into account the proportional part of the error as 
well the derivative and integrative parts. All these com- 
ponents make the control able to compensate the tem* 
perature error by its present, past and future error state. 
The u control parameter includes all or some of the 
above mentioned Infonnation and not only the propor- 
tional part as the conventional control does by switching 
the compressor OFF when the temperature is below to 
a threshold value. The present invention makes use of 
a hybrid control system able to reduce the cooling ca- 
pacity request up to reach the minimum admitted value 
ad set this value to the compressor In cases in which 
the cell or cabinet temperature continues to decrease 
the OFF condition is obtained only when the u control 
parameter is below a certain threshold vale. 
[0025] From a comparison of figures 5 and 6 it is ev- 
ident that with the control method according to the in- 
vention the OFF conditions occur only when it is strictly 
necessary (high target temperature and/or low room 
temperature), while in all the otherconditlons the system 
has "time" to find a stable cooling capacity (i.e.speed) 
able to keep the foods at constant temperature. 



Claims 

1 . Method for controlling the cooling capacity of a var- 
iable cooling capacity (VCC) compressor of a refrig- 



erator or freezer (R) with an electronic controller (C) 
which receives a temperature feedback signal, 
characterized in that the output signal of the elec- 
tronic controller is based on a predetennined on/off 
5 band which Is different from the on/off temperature 
band. 

2. Method according to claim 1 , in which the cooling 
capacity compressor is a variable speed compres- 

10 sor (VSC), characterized in that the output signal 
of the electronic controller is a speed signal based 
on a predetennined on/off speed band. 

3. Method according to claim 1 , in which the cooling 
15 capacity compressor is a linear compressor, char- 
acterized In that the output signal of the electronic 
controller is a piston stroke signal based on a pre- 
determined on/off piston stroke band. 

20 4. Method according to claim 2, characterized in that 
the low end of the on/off speed band is lower than 
or equal to the minimum speed of the compressor 
(VSC). 

25 5. Method according to claim 2 or 4, characterized in 
that the high end of the on/off speed band is higher 
than or equal to the minimum speed of the compres- 
sor (VSC). 

30 6. Method according to any of the preceding claims, 
characterized In that the temperature feedback 
signal is Issued by a temperature sensor (P) placed 
in a refrigeration cell of the refrigerator or freezer 
(R). 

35 

7. Method according to any of the preceding claims, 
characterized In that the electronic controller (C) 
is selected in the group consisting of proportional- 
integral (PI) controller, proportional-derivative (PD) 
40 controller, proportional-integral-derivative (PID) 
controller and any fuzzy logic controller in which the 
temperature error and/or derivative of the error are 
used as input signals. 

45 8. Method according to claim 2, characterized in that 

when the electronic controller switches on the com- 
pressor, it is always switched on at the minimum 
speed. 

50 9. Refrigerator or freezer having a refrigeration cell 
and a variable cooling capacity (VCC) compressor 
with an electronic controller (C) which receives a 
temperature feedback signal from a temperature 
sensor (P) placed in said cell, characterized in that 

55 the electronic controller (C) is able to provide the 
variable cooling capacity compressor (VCC) with a 
signal that is based on a predetennined on/off band 
which is different from the on/off temperature band. 
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10. Refrigerator or freezer according to claim 9 in which 
the cooling capacity compressor is a variable speed 
compressor (VSC), characterized in that the out- 
put signal of the electronic controller is a speed sig- 
nal based on a predetermined on/off speed band. s 

11. Refrigerator or freezer according to claim 9 in which 
the cooling capacity compressor is a linear com- 
pressor, characterized in that the output signal of 
the electronic controller Is a piston stroke signal io 
based on a predetennined on/off piston stroke 
band. 

12. Refrigerator or freezer according to claim 1 0, char- 
acterized in that the low end of the on/off speed is 
band is lower than or equal to the minimum speed 

of the compressor (VSC). 

13. Refrigerator or freezer according to claim 1 0 or 1 2, 
characterized in that the high end of the on/off 20 
speed band is higher than or equal to the minimum 
speed of the compressor (VSC). 

14. Refrigerator or freezer according to any of claims 9 

- 1 3, characterized in that the electronic controller 25 
(C) is selected in the group consisting of proportion- 
al-integral (PI) controller, proportional-derivative 
(PD) controller, proportional-integral-derivative 
(PID) controller and fuzzy logic controller. 

30 

15. Refrigerator or freezer according to any of claims 9 
- 1 3, characterized in that when the electronic con- 
troller switches on the compressor, it is always 
switched on at the minimum speed. 
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